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Abstract 

Guanidines have received great attention due to their application as superbasic proton sponges and 

organocatalysts, as well as excellent N-donor ligands able to coordinate with different metals. The 

introduction of different substituents can modulate the basicity/nucleophilicity of the guanidines, their 

coordination ability, and thus, the electronic and steric properties of their metal complexes, regulating their 

catalytic activity. This review presents recent developments on guanidine-based ligand families 

[monoguanidine, bis(guanidine) and hybrid guanidine ligands], highlighting their potential in transition metal-

catalyzed reactions. 
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1. Introduction  
 

The design of ideal catalysts able to promote efficiently a desired transformation is one of the primary goals in 

synthetic chemistry. In this context, guanidines1 have attracted much attention as, in addition to their well-

known applicability as superbasic proton sponges,2 they have shown remarkable applications as 

organocatalysts3-5 and as ligands in transition metal coordination chemistry.6 In fact, guanidines have been 

found to be excellent N-donor ligands due to the ability to delocalize a positive charge over the guanidine 

moiety, behavior that leads to strongly basic and highly nucleophilic compounds with an enhanced capability 

to coordinate to metal ions. Consequently, guanidine-type ligands have been employed for the preparation of 

highly active homogeneous catalysts in combination with transition metals, which may be able to promote 

different types of organic reactions. The introduction of different substituents can modulate the 

basicity/nucleophilicity of the guanidines, their coordination ability, and thus, the electronic and steric 

properties of their metal complexes, thus regulating their catalytic activity. In this way, it is possible to control 

the chemo-, regio-, and enantio-selectivities of a given reaction. Excellent recent reviews have been published 

covering the role of guanidine metal complexes in bioinorganic chemistry7 and on the use of guanidine ligands 

in metal catalyzed reactions.8 Herein we focus on recent key contributions on the application of the complexes 

of different types of guanidines [monoguanidines, bis(guanidines), hybrid guanidines] with transition metals as 

catalysts in chemical synthesis. 

 

 

2. Monoguanidines as Ligands in Metal-catalyzed Reactions 
 

The synthesis and chemistry of monoguanidines has been widely studied. A simple structure would be 1,1,3,3-

tetramethylguanidine 1 (TMG) (Figure 1), but also a variety of acyclic 2 (Barton’s bases), cyclic 3 or bicyclic 

analogues 5-6, such as 1,3,4,6,7,8-hexahydro-2H-pyrimido[1,2-a]pyrimidine (hpp), also known as 

triazabicyclodecene (TBD) 6a have been widely studied. For example, as part of our program to develop new 

synthetic methods for heterocyclic systems,9-12 we have prepared several cyclic guanidines, 2-aminoimidazoles 

of general structure 4,13 whose framework can be found in biologically active natural products.14 
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Figure 1. Acyclic, cyclic/bicyclic monoguandines and their complexes with transition metals. 

 

Monoguanidines can present various coordination modes with the metal center, so their complexes with 

transition metals (e.g. copper or palladium) can present different geometries and properties (Figure 1, 

complexes 7-9). Nevertheless, the use of guanidine metal complexes as catalysts in organic synthesis is limited 

to a few examples until now. Among them palladium-catalyzed cross-coupling reactions (Heck15,16and 

Suzuki17,18 reactions) or ruthenium-catalyzed isomerization of allylic alcohols19 are excellent examples of 

monoguanidine-transition metal complexes-catalyzed reactions, as has been recently covered in a recent 

review.8 Besides, tetra-substituted guanidinate anions, formed by deprotonation of neutral guanidine with a 

free N-H, are bidentate ligands with stronger coordination ability than neutral guanidines. Thus, guanidinate 

complexes of the platinum group metals have also interesting applications in catalysis.20 Another interesting 

cross coupling reaction is the selective cross-dimerization between trialkylsilylacetylenes 10 and terminal alkyl- 

or arylacetylenes 11 using iridium(I)-guanidinate complex 13 as catalyst. It is noteworthy that when using alkyl 

acetylenes 11 the E/Z selectivity of the obtained enynes 12 could be controlled by changing phosphine 

(Scheme 1).21 

 

 
 

Scheme 1. Cross-dimerization between silylacetylenes and acetylenes catalyzed by an Ir(I) complex. 

 

In a related example, a cobalt-catalyzed trimerization of internal alkynes to yield polysubstituted arenes has 

been successfully achieved using a cobalt complex of 1,2,3-tris(2,6-diisopropylphenyl)guanidine, also using low 
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catalyst loadings (4 mol%).22 On the other hand, dinuclear palladium catalysts with potential for metal-metal 

redox cooperation have also been evaluated for some important redox transformations. Thus, Ritter23 has 

reported a chemo- and regioselective α-hydroxylation reaction of carbonyl compounds with molecular oxygen 

or air as oxidant, using paddlewheel dinuclear Pd(II) complex 16 with bicyclic guanidine triazabicyclodecene 

(TBD) 6a (Scheme 2).24 This complex acts in a similar way as oxygenase enzymes transferring oxygen to the 

substrate.25 For example, α-methyl-β-tetralone 14k was transformed into the corresponding α-hydroxy-α-

methyl-β-tetralone 15k under one atmosphere of O2 using the complex 16 (5 mol %) in a good yield. The 

procedure has a wide scope and it has been applied to the regioselective synthesis of a variety of tertiary 

alcohols 15a-l. The hydroxylation reaction always takes place on the more substituted carbon atom, even in 

substrates with more acidic methylene protons, such as 14i-j. 

 

 
 

Scheme 2. -Hydroxylation of carbonyl compounds catalyzed by a dinuclear Pd(II) complex. 

 

The potential of monoguanidines in metal-mediated reactions is also illustrated in the transition metal-

catalyzed Huisgen 1,3‐dipolar cycloaddition between azides and alkynes (AAC).26 Half-sandwich electron-

deficient N,N′,N′′-triarylguanidinatoruthenium(II) complexes 20 were prepared by reaction of the 

corresponding triaryl guanidine[(ArNH)2C=NAr] and [(η6-p-cymene)Ru(μ-Cl)Cl]2. These complexes were able to 

catalyze the Cu(I) catalyzed click reaction of an aryl azide 17 and phenylacetylene 18 affording a 2.7 :1 mixture 

of 1,4- and 1,5-disubstituted triazoles 19a/19b, from which the major isomer 19a could be isolated in a 62% 

yield. The presence of AgOAc was required for the reaction to take place (Scheme 3).27 
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Scheme 3. Azide-alkyne 1,3-dipolar cycloaddition catalyzed by half sandwich Ru(II) complexes. 

 

Guanidine-functionalized magnetic nanoparticles anchored to Fe(II)- or Cu(II)-phthalocyanine complexes 25 

have shown to be efficient catalysts in another click reaction, the condensation of acetophenone 21, aromatic 

aldehydes 22 and nitriles 23 to give the corresponding β-ketoamides 24 (Scheme 4).28 The procedure requires 

low loading of the catalysts, which can be reused at least six times without losing their catalytic activity. 

 

 
 

Scheme 4. Click reaction of acetophenone, aromatic aldehydes and nitriles catalyzed by guanidine-

functionalized magnetic nanoparticles. 

 

In the context of polymer chemistry, copper complexes with chelating N-donor ligands are the most 

important atom transfer radical polymerization (ATRP) catalysts,29-31 and many examples of radical 

polymerization reactions using different types of monoguanidines as ligands for Cu(I) have been reported.32 

Recently, the simple guanidine 1 (TMG) has been used for the ATRP of methyl methacrylate (MMA) 26 in the 

presence of Cu(0) wire and CuBr2 using ethyl 2-bromo-2-phenylacetate as initiator (Scheme 5).33 Here TMG 

plays a dual function, ligand and reducing agent. Polymethymethacrylate (PMMA) 27 was synthesized with 

molecular weight up to 100.000 and low polydispersity (Mw/Mn < 1.3), using low concentrations of CuBr2 (100 

ppm). The procedure could be successfully applied to different methacrylic monomers. 

 

 
 

Scheme 5. ATR polymerization of methacrylates catalyzed by a Cu(I) complex. 
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As shown, monoguanidines are well-known and versatile ligands. However, little is known about the 

suitability of chiral metal complexes of guanidine as asymmetric catalysts. Recently, the enantioselective 

alkynylation of racemic cyclic allylic bromides 28 has been accomplished with terminal alkynes 29 using a 

chiral guanidinium complex derived from 31 as catalyst under biphasic conditions. The authors proposed that 

a copper complex bearing a single guanidine ligand should be involved on the enantio-determining step, based 

on an observed linear correlation between the enantiopurity of the catalyst and reaction product. The 

alkynylation of the cyclic allylic bromides 28 underwent an anti-SN2’ pathway catalyzed by a nucleophilic 

cuprate species, as demonstrated both experimental and computationally (Scheme 6a).34 Additionally, the 

same chiral guanidine-Cu(I) complex was efficiently employed as catalyst in the SN2’ borylation process of 

racemic cyclic allylic bromides 32 with bis(pinocalato)diboron 33, which afforded enantioenriched secondary 

and tertiary cyclic allyl boronates 34 (Scheme 6b).35 

 

 
 

Scheme 6. Enantioselective alkynylation and borylation of racemic allylic bromides catalyzed by a chiral Cu(I)-

guanidine complex. 

 

 

2. Bis- and Tetra(guanidines) as Ligands in Metal-catalyzed Reactions 
 

Large libraries of bis(guanidines) have been generated using modular synthesis as a strategy to introduce 

different spacers between the two guanidine units. In this context, Harmjanz and coworkers36 reported the 

preparation of 1,3-bis(N,N,N’,N’-tetramethylguanidino)propane 35 (TMG2p), which represented the first 

bidentate peralkylated guanidine ligand that consisted of two tetramethylguanidine units bridged with an alkyl 

linker. It was thought that the steric demands of the two tetramethylguanidine residues, the flexible 

trimethylene bridge backbone and the strong basicity of guanidine moieties could make TMG2p ligand a 

versatile tool in metal complex chemistry. Therefore, the complexation chemistry of the ligand was examined 

towards the preparation of [TMG2p MXn] type coordination compounds 39 with copper and iron salts in 

different oxidation states through the diimine nitrogens of the ligand (Figure 2). Among the wide variety of 
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peralkylguanidine ligands with different bridging moieties, the use of 1,2-bis(tetramethylguanidino)benzene 

36 (TMG2p) and 2,6-bis(tetramethylguanidino)methylpyridine 37 (TMG2py) for the synthesis of late- and post-

transition-metal complexes, such as platinum, zinc or magnesium, (Figure 2) has been widely studied.37,38 

More recently, chiral Zn(II) chloride bis(guanidine) complexes 40 derived from both enantiomeric forms of 

TMG substituted trans-1,2-diaminocyclohexane derivatives 38 have been reported(Figure 2).39 

 

 
 

Figure 2. Bis(guanidines) and their complexes with transition-metals. 

 

On the other hand, Sundermeyer and coworkers40 reported on the synthesis of 1,8-

bis(tetramethylguanidino)naphthalene (TMG2n), an extremely basic guanidine derivative and kinetically active 

proton sponge. In fact, it presents two basic nitrogen centers in the molecule with the adequate orientation to 

uptake a proton, which constitutes the general backbone of all proton sponges. Besides, 1,8- TMG2n exhibits a 

rich coordination chemistry through the lone pairs at the imine-nitrogen atoms. Thus, the first transition metal 

complexes of TMG2n with palladium and platinum salts were prepared in 2008 by Himmel.41 Additionally, 

preliminary catalytic studies revealed that Heck reaction between styrene and phenyl iodide could be 

efficiently catalyzed by [(TMG2n)PdCl2] complex, yielding almost quantitatively trans-stilbene using very low 

catalytic loading (0.2 mol%). Furthermore, platinum complexes with TMG2n, were found to be highly active 

catalyst for hydrosilylation reaction between Et3SiH and trimethyl(vinyl)silane.41 

More recently, oxidation reactions of organic compounds with dioxygen using molecular copper complexes 

have also been investigated. In particular, hydroxylation reactions of aliphatic substrates that mimic the 

activity of enzymes as peptidylglycine monooxygenase (PHM), whose activity depends the cooperative effect 

between two copper atoms. Thus, it has been shown that metal cooperativity in nuclear copper–

bis(guanidine) complexes allowed aliphatic C-H bond cleavage by oxygen. To demonstrate the use of these 

cooperative effects in organic reactions, this strategy has been applied to the aldol reaction of acetone 41 to 

give 4-hydroxy-4-methylpentan-2-one 42 catalyzed by a dinuclear copper complex 43 (Scheme 7). DFT 

calculations suggest that the reaction takes place via a Proton-Coupled Electron-Transfer (PCET) process 

induced by in the cooperative effects between the two copper atoms of the complex. Only one of the copper 

atom can bind and activate dioxygen, while the other one stabilizes the product of PCET by copper– ligand 

charge transfer.42 
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Scheme 7. Aldol reaction catalyzed by a dinuclear Cu(I) complex. 

 

A related class of widely studied guanidine-type ligands is represented by bis(imidazolin-2-imine) ligands, 

which exhibit pronounced electron-donating capacity due to the particularly effectiveness of the imidazolium 

ring to stabilize a positive charge,43 thus showing great tendency to stabilize catalytically active complexes. The 

coordination chemistry of the bis(imidazolin-2-imine) ligands depends on the steric and electronic properties 

of the ligands, which can be easily changed by introducing different 2-iminoimidazolines or by using different 

bridging moieties. Therefore, 1,2-bis(imidazolin-2-imino)ethane ligands 44a-b have found widespread use in 

organometallic and coordination chemistry (Figure 3). Due to the strong basic nature of the novel 

bis(imidazolin-2-imine) ligands, very stable half-sandwich 16-electron pentamethylcyclopentadienyl-

ruthenium(II) complexes 45 have been formed. Although they are inert towards hard, π‐basic ligands, they 

have showed high reactivity towards soft σ‐donor/π‐acceptor ligands such as CO and isocyanides. 

Consequently, complexes 45 have resulted highly reactive in the activation of small molecules, such as N2 and 

H2, so they are also promising candidates for catalytic applications.44 Similar donor properties were found in 

analogous 16-electron cycloheptatrienyl-molybdenum(0) half-sandwich complexes of ethylene-bridged 

bis(imidazolin-2-imine) ligands.45 

 

 
 

Figure 3. 1,2-Bis(imidazolin-2-imino)ethane ligands and their complexes with transition-metals. 

 

In contrast, copper(I) halide complexes 46 are easily oxidized, which makes them useful for atom transfer 

radical polymerization (ATRP). Thus, 46 (R= iPr) complex showed a good catalytic activity in the ATRP 

polymerization of styrene 47, using 1-phenylethyl chloride as an initiator in toluene under reflux (Scheme 8). 

Other examples of radical polymerization reactions using different types of bis(guanidines)46 and 

tris(guanidines)47 as ligands for Cu(I) have also been described. 
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Scheme 8. ATR polymerization of styrene catalyzed by Cu(I) complexes. 

 

Besides, Tamm and coworkers48 described a pyridine-bridged bis(imidazolin-2-imine) pincer ligand 49a (R = 
iPr) capable of forming highly reactive copper(I) complexes that allowed effective aerobic CO2 fixation, C-Cl 

bond activation and Cu(I) disproportionation. The same group extended the study of the complexes of pincer 

ligand 49b (R = tBu) with “earlier” first row transition metals (manganese, iron, cobalt and nickel) 5049 and to 

different lanthanide metals (yttrium, erbium and lutetium) 51, with a variety of geometries (tetrahedral, 

square planar, square pyramidal) (Figure 4).50  

 

 
 

Figure 4. Pyridine bis(imidazolin-2-imines) pincer ligands and their complexes with transition-metals and 

lanthanides. 

 

N,N'-(1,2-phenylene)bis(1,3-dimethylimidazolidin-2-imine) ligands 52 have been found to be powerful 

hydrogen acceptors. In fact, the bidentate type hydrogen bonding interaction between two guanidinyl 

functions of the ligand and the OH group of a variety of hydrogen donor aromatics led to successful formation 

of the corresponding complexes 53 (Figure 5).51 Furthermore, the coordination to different metal ions has also 

been studied. Thus, the preparation of mononuclear Zn(II), Co(II) and Ni(II) complexes 54 has been achieved 

(Figure 5) from which CoCl2-guanidine complex resulted suitable for paramagnetic NMR spectroscopic studies, 

such as 1JC,H correlation experiments.52,53 

 

 
 

Figure 5. N,N'-(1,2-phenylene)bis(1,3-dimethylimidazolidin-2-imine) ligands and their complexes. 
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Regarding the use of bis(guanidine) ligands in asymmetric catalysis, a major breakthrough has been 

accomplished by Tan and coworkers, which implies the use of a chiral cation in combination with inorganic 

anionic metal salts to promote oxidation reactions (Scheme 9). Chiral dicationic bis(guanidinium) catalysts, 

such as 55, have been developed for this purpose. Chiral induction is accomplished by ion pairing interaction 

between the chiral cation and a reactive metal anionic species. Thus, the oxidation of alkenes 56 with 

potassium permanganate in the presence of the chiral dicationic ligand 55a gives hydroxyketones 57 with 

almost perfect control of the enantioselectivity (Scheme 9 a).54 The authors proposed that the potassium 

permanganate would coordinate dynamically to both faces of the alkene. However, the chiral catalyst 

accelerates the oxidation reaction by the selective formation of an intimate ion pair with the resulting enolate 

only in the matched transition state.  

 

 
 

Scheme 9. Enantioselective oxidation reactions catalyzed by chiral bis(guanidinium) complexes. 

 

In a further application, they have also shown the applicability of cationic bis(guanidinium) 55b in 

combination with Na2Mo4 and using aqueous H2O2 as the terminal oxidant in the enantioselective oxidation of 

a wide variety of sulfides to sulfoxides (Scheme 9 b).55 In this case, the active catalytic species would be a 

dinuclear oxodiperoxomolybdosulfate [BG]2+ [(-SO4){Mo2O2(-O2)2(O2)2}]2-ion pair formed in situ from 55b. 

This reactive catalytic species is stable and could be isolated and characterized by X-Ray crystallography, 

showing that the anionic metallic species is embedded in the chiral cavity of the guanidinium cation. The 

methodology has been applied for a gram-scale synthesis of armodafinil using only a 0.25 mol % of the 

guanidinium catalyst. More recently, catalyst 55c, that contains the chiral cationic guanidinium and a 

tetraperoxyditungstate anion, has been applied for the highly selective epoxidation of allylic amines 60, using 

aqueous hydrogen peroxide as the terminal oxidant under phase transfer conditions. The active species has 

also been studied by X-Ray diffraction and by IR and Raman spectroscopies, and the method applied for the 

synthesis of (-)-venlafaxine.56 

Guanidine ligands have also been applied in visible light photoredox catalysis, an area that has emerged as 

an excellent tool in synthetic organic chemistry, mainly using photocatalysts based on ruthenium (II) and 

iridium (III) complexes. However, over the last years, earth-abundant metal complexes have begun to play an 
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important role in photoredox reactions.57 In this regard, Zysman-Colman has recently reported the first 

examples of photoactive cobalt(III) complexes with bicyclic guanidine ligands 62 for the photocatalytic 

trifluoromethylation of polycyclic aromatic hydrocarbons 63 (Scheme 10).58 This highly regioselective reaction 

takes place at room temperature and pressure under nitrogen atmosphere using trifluoromethanesulfonyl 

chloride. 

 
 

Scheme 10. Photocatalytic trifluoromethylation of polycyclic aromatic hydrocarbons catalyzed by Co(III) 

complexes. 

 

The development of a structurally related class of potentially strong electron donors and N-bases by 

introduction of at least four guanidine groups on aromatic systems has also been reported. This way, binuclear 

metal complexes would be formed through the coordination of the tetraguanidine ligand to two metal 

centers. For example, Himmel found that 1,2,4,5-tetrakis(tetramethylguanidino)benzene (TTMGb)59 was found 

to be a good chelating ligand for the construction of binuclear late transition-metal complexes with zinc, 

copper and platinum.60,61 More recently, it was demonstrated that copper(I) catalysts bearing the redox-active 

guanidine ligand TTMGb 65 [(CuBr2(TTMGb)] could also efficiently promote the oxidative C-C homo- and 

cross-coupling reactions of phenols 66 and 67 (Scheme 11).62 Structurally related ligands containing a 

tetraguanidine unit have also been described to form complexes with Co(II), Ni(II), Au(I) and mainly Cu(I).63-66 

 

 
 

Scheme 11. Aerobic phenol homo- and cross-coupling reactions catalyzed by Cu(I) complexes. 

 

Finally, one application of guanidine modified metal–organic frameworks (MOFs) in catalysis is described. 

MOFs are porous hybrid materials assembled by metal ions or clusters connected with organic functional 

groups (carboxylates, amines, etc.) that form infinite one-, two- or three-dimensional frameworks. In 

particular, the chromium terephthalate metal–organic framework, MIL-101 (MIL, Matérial Institut Lavoisier) is 

formed by trimeric chromium(III) octahedral clusters interconnected by 1,4-benzenedicarboxylates, which can 

be further functionalized.67 Thus, iron-decorated, bis(guanidine) functionalized metal-organic frameworks 

(MOFs) have been developed as a non-heme iron-based enzyme mimic system for catalytic oxidation of 
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organic substrates. A modified MOF (MIL-101(Cr)-bis(guanidine)-Fe has been used as catalyst in different 

oxidation reactions: (1) epoxidation of alkenes, (2) oxidation of primary or secondary alcohols to aldehydes or 

ketenes, respectively, and (3) oxidation of alkyl arenes to the corresponding ketones. All the reactions were 

carried out at room temperature using H2O2 as an oxidant.68 

 

 

4. Guanidine Hybrid Ligands in Metal-catalyzed Reactions 
 

So far, the selected examples of guanidine-type ligands show identical donor strengths and substituents with 

exactly the same steric demand. However, the construction of hybrid guanidine ligands by combination of a 

very strong N-donor guanidine moiety with a different weak donor function is also possible. This way, the 

ligand enables the creation of a catalytic system with a strong complexation of the transition metal and a 

flexible coordination sphere. 

In this context, Herres-Pawlis and coworkers considered that the combination of the excellent donor 

properties of guanidines with additional coordination space for pre-coordination of substrates could improve 

the catalytic activity of the existing guanidine-based zinc complexes in lactide polymerization reaction.69 Thus, 

they modified the symmetric bis(guanidine) ligands by substituting one bulky guanidine moiety by a pyridine 

or quinoline unit, leading to guanidine-pyridine and guanidine-quinoline hybrid ligands 69-72 shown in Figure 

6. Copper complexes of the guanidine-pyridine hybrid ligand 71 (Figure 6) were shown to mediate in the 

solvent-free ATR polymerization of styrene,70 while the corresponding Zn(II) complexes were proved to be 

active initiators in the ring-opening polymerization (ROP) of D,L-lactide 73, allowing the formation of 

polylactides 74 with high molecular weight values (Scheme 12).71 

 

 
 

Figure 6. Hybrid guanidine-pyridine and –quinoline ligands and their complexes with transition metals. 

 

 
 

Scheme 12. ATR polymerization of D,L-lactide catalyzed by Zn(II) complexes. 

 

Additionally, hybrid ligands 75-77 that combine a guanidine moiety and an amine group have also been 

synthetized and their complexes with transition metals synthetized and characterized (Figure 7). For example, 

the permethylated-amine-guanidine bidentate ligand 75, based on a 1,3-propanediamine backbone, readily 
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reacted with O2 forming a bis(µ-oxo)dicopper(III) complex 78 capable of promoting an oxidative 

transformation, such as the hydroxylation of phenolates 79 to catecholates 80 in similar manner to tyrosinase 

(Scheme 13).72 

 

 
 

Figure 7. Hybrid guanidine-amine ligands and their complexes with transition metals. 

 

 
 

Scheme 13. Hydroxylation of phenol derivatives catalyzed by copper complexes. 

 

Later, the same group reported the synthesis of the heterobidentate nitrogen donor ligands 76 and 77 

depicted in Figure 7,73 whose catalytic complexes with copper halides were evaluated in atom transfer radical 

polymerization, showing a high potential activity due to the high polymerization rate, good solubility and an 

adequate control of radical polymerization. 

Chiral metal complexes of guanidine hybrid ligands have been also used as asymmetric catalysts. In this 

context, Anders group reported the synthesis of chiral Zn(II) and Mo(0) guanidine complexes74 and 

investigated the applicability of the neutral Zn(II) complex 81 as chiral catalyst in asymmetric Henry reaction 

between 2-methylpropanol 82 and nitromethane 83. Thus, the corresponding β-nitroalcohol 84 was obtained 

in excellent yield, although with low enantioselectivity (Scheme 14).75 

 

 
 

Scheme 14. Henry reaction catalyzed by Zn(II) complexes. 

 

Tamm and coworkers synthesized two quinine-derived guanidine chiral ligands by connecting a 

quinuclidine core and an imidazolidin-2-imine moiety. This way, the first N,N-bidentate ligands bearing a 

configurationally stable N*-stereogenic center in their uncoordinated form were reported.76 These ligands 

were able to form stable chelate complexes with Ru(II), Pd(II) and Ni(II), which could show potential utility in 

asymmetric transition metal catalysis. However, when Ru(II) complexes 85 and 86 were tested as catalyst in 

the enantioselective transfer hydrogenation of acetophenone 87, using 2-propanol as organic hydrogen 
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donor, only low enantiomeric excesses of the tertiary alcohol 88 were obtained, which indicated that the 

chiral induction of the quinuclidine moiety is not effective (Scheme 15). However, bifunctional chiral guanidine 

ligands bearing a sulfonamide unit 89 were found to catalyze efficiently the enantioselective alkynylation of 

isatins 90 with terminal alkynes 91 in the presence of CuI and 2,4,6-collidine (Scheme 16).77 

 

 
 

Scheme 15. Reduction of acetophenone catalyzed by chiral Ru(II) complexes. 

 

 
 

Scheme 16. Enantioselective alkynylation of isatins catalyzed by chiral Cu(I) complexes. 

 

On the other hand, Liu’s group has investigated the transition-metal-catalyzed enantioselective N-H 

insertion reaction of α-diazocarbonyl compounds, initially studying the insertion of N-sp3-hybridized N–H 

sources (primary and secondary anilines) using chiral palladium complexes with hybrid guanidines. Thus, 

various enantioenriched α-amino acid derivatives were readily achieved in good yields (24-99%) and excellent 

ee values (81-94% ee).78 More recently, they have moved to rhodium catalysis and have used the dirhodium(II) 

complex with a chiral guanidine 93 for the asymmetric carbene insertion into the N–H bond of N-sp2-

hybridized benzophenone imine 94. Thus, both aromatic and aliphatic substituted -imino esters 96 have 

been obtained in high yields and enantioselectivities under mild conditions (Scheme 17a).79  
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Scheme 17. Enantioselective N-H and O-H insertion reaction of α-diazocarbonyl compounds catalyzed by chiral 

dirhodium (II) complexes. 

 

The same group has applied this strategy to the enantioselective insertion of -diazocarbonyl compounds 

into the O–H bond of aromatic carboxylic acids 98 for the synthesis of α-acyloxy esters and ketones 100 using 

the related dirhodium(II) complex with guanidine ligand 97 as catalyst (Scheme 17b).80 

 

 

5. Other Applications 
 
Besides their role in metal catalyzed reactions, several other applications have been found for guanidine-type 

ligands in materials and medicinal chemistry areas. For example, the cobalt complexes of guanidine-pyridine 

hybrid ligands showed a potential application in detector or sensor technology.81 The inherent fluorescence of 

the hybrid ligands was totally quenched when cobalt atom was coordinated, because the change in oxidation 

state implies a change between diamagnetic and paramagnetic ground state.82 

Transition-metal complexes of a multidentate Schiff base ligand containing guanidine moiety have been 

investigated by their potential biological activities. Thus, the Cu(II) and Cu (III) complexes showed cytotoxicity 

against human hepatoma cell line (HepG2) and anti-bacterial and anti-fungal effects in several bacterial and 

parasitic organisms test (Pseudomonas aeruginosa, Staphylococcus aureus, Candida albicans, and Aspergillus 

niger).83 Cu(II) complexes with chlorhexidine84 have also shown in vitro antibacterial and antifungal activities, 

against Escherichia coli, Staphylococcus aureus, and Candida albicans.  
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6. Conclusions 
 

In the last years, great progress has been achieved in synthesis of transition metal complexes with guanidines 

and their application in different types of catalyzed organic reactions, including polymerization reactions. 

However, most studies have focused on the preparation and characterization of the complexes, so the need to 

expand comprehension of structure–catalytic activity relationships remains. Nevertheless, guanidine 

complexes, known as efficient ligands for ATR polymerization redox reactions (e.g. oxidation, hydroxylation 

reactions), have begun to play an increasingly important role in carbon-carbon coupling reactions (Heck, 

Suzuki, cross-dimerization) or click chemistry (1,3‐dipolar cycloaddition between azides and alkynes). It is 

worth mentioning their use in visible light photoredox catalyzed reactions utilizing earth-abundant transition 

metals as Co(III). 

Although some successful results in asymmetric transformations (e.g. oxidation reactions, alkynylation of 

allylic bromides and isatins, N-H and O-H insertion reaction of α-diazocarbonyl compounds, epoxidation of 

allylic and homoallylic amines) have been achieved, the potential of chiral guanidine ligands as catalysts for 

transition metal-catalyzed enantioselective reactions has not been fully addressed. As the introduction of 

different substituents on the guanidine moiety can modulate the electronic and steric properties of their 

metal complexes, thus regulating their catalytic activity, we anticipate that new guanidine-based ligands will 

provide further opportunity for the development of various enantioselective reactions. 
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